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Extreme ultraviolet lithography



Put to practical use in 2012 

Mo/Si mirror

S. S. Andreev et al., CEJP., 1, 191(2003)J. White et al., Appl. Phys. Lett.  98, 113301(2005)

Wavelength (nm)

13.5 nm: Sn plasma

13.5  nm

Next generation: 13.5 nm
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What’s next?



Jos Benschop, 2010 International Workshop on EUV Lithography, Session 1: Keynote-1 (2010, Hawaii)

Early evidence - ASML



Objective

We characterize 
EUV emission from
Laser-produced plasmas
around 6.5-6.7 nm using Gd and Tb
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  f  =  120  mm

Planar  target

45o

Nd:  YAG  Laser

Laser  energy:  2  J

Wavelength:  1064  nm

Pulse  width:  10  ns

Spectrometer

Metal  filter  

Experimental setup
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Spot diameter: 210 µm
Laser intensity: 4.0 x 1011 W/cm2

Spectra of EUV emission from
Gd and Tb plasmas
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Spot diameter:35 µm  Intensity: 1.5 x 1013 W/cm2

Spot diameter:210 µm  Intensity: 4.0 x 1011 W/cm2

In-band- EUV energy
vs

Spot diameter



Te = 114 eV

Te = 45 eV
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Evaluation of electron temperatures

Spot diameter:35 µm  Intensity: 1.5 x 1013 W/cm2

Spot diameter:210 µm  Intensity: 4.0 x 1011 W/cm2
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Ionic population

Te = 114 eV

Te = 45 eV

Spot diameter:35 µm  Intensity: 1.5 x 1013 W/cm2

Spot diameter:210 µm  Intensity: 4.0 x 1011 W/cm2
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Dual laser pulse irradiation

Pre-pulse intensity (532 nm): 3.3 × 1010 W/cm2

Heating intensity (1024nm): 1.1 × 1012 W/cm2



Spot diameter:160 µm
Intensity: 4.0 x 1011 W/cm2
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Spot diameter:200 µm  Intensity: 3.2 x 1011 W/cm2

Spectra from low- and solid-density 
targets

  0

  200

  400

  600

  800

  1000

  1200

  1400

  5   6   7   8   9   10   11   12   13   14   15   16

In
te
n
s
it
y
  (
a
rb
.  
u
n
it
s
)

Wavelength  (nm)

Gd

Gd2O3

  0

  20

  40

  60

  80

  100

  120

  140

In
-b
an
d-
E
U
V
  e
ne
rg
y  
(a
rb
.  u
ni
ts
)

Laser  intensity  (W/cm    )2
  10

  11
  10

  12



  0
  50
  100
  150
  200
  250
  300
  350

  5.5   6   6.5   7   7.5   8   8.5   9   9.5   10

In
te
ns
ity
  (a
rb
.  u
ni
ts
)

Wavelength  (nm)

Spot diameter:210 µm     Intensity: 4 x 1011 W/cm2

6.0 6.5 7.0 7.5 8.0
0

80

80

80

80
Tb12+

Tb13+

Tb14+

Tb15+

Wavelength  (nm)
gf

1 10 100 1000
0

0.2

0.4

0.6

0.8

1.0

Electron  Temperature  (eV)

Io
ni
c  
P
op
ul
at
io
n

Spectrum from Tb plasma



R. C. Spitzer et al., J. Appl. Phys. 79, 2251 (1996) S. Miyamoto et al., Appl. Phys. Lett. 86, 261502 (2005)

-Discussion-
Early evidence - 13.5 nm



We characterized of EUV emission
from laser-produced plasmas

around 6.5-6.7 nm using Gd and Tb plasmas

T. Otsuka et al., Appl. Phys. Lett. 97, 111503 (2010).

Summary

•spectral behavior.

•enhancement by suppression of the plasma hydrodynamic loss.

•the plasma volume effect dominated

•enhancement by using low density target

We showed


